Segmental resection of malignant bone disease in the femoral diaphysis with subsequent limb reconstruction is a major undertaking. This is a retrospective review of 23 patients who had undergone limb salvage by endoprosthetic replacement of the femoral diaphysis for a primary bone tumour between 1989 and 2005.
Segmental resection of malignant bone disease in the femoral diaphysis with subsequent limb reconstruction is a major undertaking. This is a retrospective review of 23 patients who had undergone limb salvage by endoprosthetic replacement of the femoral diaphysis for a primary bone tumour between 1989 and 2005.
There were 16 males and seven females, with a mean age of 41.3 years (10 to 68). The mean overall follow-up was for 97 months (3 to 240), and 120 months (42 to 240) for the living patients. The cumulative patient survival was 77% (95% confidence interval 63% to 95%) at ten years. Survival of the implant, with failure of the endoprosthesis as an endpoint, was 85% at five years and 68% (95% confidence interval 42% to 92%) at ten years. The revision rate was 22% and the overall rate of re-operation was 26%. Complications included deep infection (4%), breakage of the prosthesis (8%), periprosthetic fracture (4%), aseptic loosening (4%), local recurrence (4%) and metastases (17%). The 16 patients who retained their diaphyseal endoprosthesis had a mean Musculoskeletal Tumour Society score of 87% (67% to 93%). They were all able to comfortably perform most activities of daily living.
Femoral diaphyseal endoprosthetic replacement is a viable option for reconstruction following segmental resection of malignant bone disease. It allows immediate weightbearing, is associated with a good long-term functional outcome, has an acceptable complication and revision rate and, most importantly, does not appear to compromise patient survival.
The femur is the long bone most commonly affected by primary and secondary malignant disease. 1 Primary bone sarcomas usually occur in the proximal and distal ends of the bone; lesions confined to the diaphysis are unusual. 1, 2 Limb salvage in cases of diaphyseal tumours, although favoured by patients, represents a challenging reconstructive problem, because of the significant bony defects resulting from en bloc excision of the tumour. Segmental resection allows preservation of the hip and knee joints as well as the physes in children, making it an attractive option with clear functional benefits.
The surgical options for reconstruction of a femoral diaphyseal defect remain limited, technically challenging, and have a variable and unpredictable outcome. Available methods include the use of autogenous vascularised fibular grafts, [3] [4] [5] autogenous extracorporeally irradiated bone, [6] [7] [8] [9] massive allografts, 10-16 a combination of autogenous fibular grafts and allografts, 17, 18 segmental bone transportation, 19, 20 and intercalary custom-made endoprostheses. [21] [22] [23] The aim of this study was to evaluate the functional and oncological results associated with custom-made intercalary femoral diaphyseal endoprosthetic reconstruction after primary excision of bone tumours.
Patients and Methods
We identified 25 consecutive patients who, between 1989 and 2005, had undergone femoral diaphyseal reconstruction with a custommade endoprosthesis following excision of a primary bone tumour. Two were lost to followup; the remaining 23 were reviewed retrospectively. We obtained data from the case notes, the hospital databases, imaging studies and outpatient clinic reviews. There were 16 males and seven females with a mean age of 41.3 years (10 to 68) at the time of operation. Five patients died of their disease. The remaining 18 were available for functional assessment.
All the patients were referred to our supraregional regional bone and soft-tissue sarcoma service with a primary bone sarcoma arising in the femoral diaphysis and were managed in a multidisciplinary setting. Pre-operative imaging for staging included plain radiographs, technetium (TC 99 ) bone scans, CT and MRI. Needle and/or open biopsies were obtained to confirm the diagnosis. Neoadjuvant/adjuvant chemoand radiotherapy were administered when recommended by oncologists according to nationally agreed protocols. Endoprosthetic replacement was not considered in the presence of extensive soft-tissue disease or invasion of the neurovascular bundle.
There were three cases of Ewing's sarcoma, seven of chondrosarcoma, nine of osteosarcoma, three of malignant fibrous histiocytoma and one of multiple myeloma (Table I) . Functional outcome. The 18 patients living at the time of this review were assessed using the Musculoskeletal Tumour Society (MSTS) scoring system, which is used for the functional evaluation of reconstructive procedures after skeletal resection. For the lower limbs, this is based on six categories; pain, level of activity and restriction, emotional acceptance, use of orthopaedic supports, walking ability and gait, each with a maximum of five points for the best function. The MSTS is calculated as a percentage of the maximum possible score, hence a higher percentage indicates a better functional outcome. Statistical analysis. Kaplan-Meier survival curves for both implant and patient were used to compare the rates of survival. Survival of the implant was analysed with failure of the endoprosthesis as an endpoint. The time to failure was defined as the time from the date of the original operation to the need for any revision to exchange the prosthesis or part of it (e.g. aseptic loosening, fracture, infection, breakages etc.). Patients were censored for statistical analysis, with the observation stopped before the event occurred if Fisher's exact test was used to evaluate the effect of categorical variables such as age, gender, chemotherapy and radiotherapy on the functional outcome. A two-tailed p-value of ≤ 0.05 was considered to be statistically significant.
The prosthesis. The prosthesis is custom-made (Centre for Biomechanical Engineering of University College London in association with Stanmore Implants Worldwide Ltd, Stanmore, Middlesex) of titanium alloy (Ti 6A1 4V). It is manufactured using computer-aided design and computeraided manufacturing technologies after determining the levels for femoral transection on pre-operative plain radiographs and CT/MRI. The shaft is made of two parts, which are connected together at operation with two bolts (Fig. 2) . Each end has an intramedullary stem which is cemented into the femoral canal. Both stems are fluted to provide rotational stability. In cases where completed excision of the tumour is expected to result in a limited length of intramedullary canal at either end necessitating the use of a shorter stem, fixation may be enhanced with the use of extracortical plates. In recent years, the design of the prosthesis has been modified to include hydroxyapatite (HA) collars at the bone-prosthesis junctions, with the potential for osseointegration. This results in reactive bone formation growing from the transection site over the shaft of the implant to form a bony bridge. This is believed to reduce loosening by acting as a seal at the bone-implant interface, preventing the migration of wear particles.
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Surgical technique. The procedure is performed with the patient in the lateral position. An anterolateral longitudinal femoral incision is made, taking a lip of skin with the biopsy track. The fascia lata is split and vastus lateralis dissected out. The tumour is identified and the bony transection points, as identified on pre-operative imaging, are then accurately marked. Resection of the tumour is carried out according to the principles defined by Enneking et al, 24 endeavouring to achieve en bloc excision with a surrounding cuff of normal tissue. Proximal and distal imprints are taken. Haemostasis is achieved and the proximal and distal ends of the femur are reamed to take the prosthesis. After washing with normal saline pulsatile lavage and drying, both stems are cemented in situ in the proximal and distal canals, with orientation and rotation carefuly adjusted. The prosthesis is then assembled and connected using two bolts (Fig. 2) . After checking leg lengths and a further washout, the soft tissues and skin are closed in layers. Intravenous antibiotics are continued for three days after operation. Active physiotherapy and full weight-bearing are commenced on the first or second day after surgery, as pain permits. The patients are then followed up clinically and radiologically until the wound has healed, and then according to their primary diagnosis (Figs 3 to 7) .
Results
The mean overall follow-up was for 97 months (3 to 240), and 120 months (36 to 240) for the patients still living. Five patients died of their disease at a mean of 12 months (3 to 29) post-operatively, four of whom had lung metastases at presentation. The cumulative patient survival was 77% (95% confidence interval (CI): 63% to 96%) at ten years ( Fig. 1) . New metastases, all pulmonary, occurred in four patients post-operatively at a mean of 37 months (6 to 84). In two patients these were managed by surgical excision and in the other two by chemotherapy. There was one case of local recurrence in a high-grade osteosarcoma occurring in one of the deceased patients prior to death.
Survival of the prosthesis was 85% at five years and 68% (95% CI: 42% to 92%) at ten years. The rate of revision was 22% and the overall rate of re-operation was 26%. There was one deep infection with coagulase-negative staphylococci associated with significant bone loss distally, which occurred 12 months after operation. The patient went on to have a two-stage revision to a distal femoral replacement, with the infection subsequently eradicated both clinically and biochemically.
In two patients the shaft of the endoprosthesis fractured following falls at 33 and 106 months. Both underwent revision by exchanging thewhole prosthesis. Their MSTS scores at review were 67% and 87%, respectively.
One patient developed a periprosthetic fracture around the proximal stem after a fall at three months. This was managed by a revision procedure during which the prosthesis was dismantled by removing the two connecting bolts. Only the proximal part was exchanged for a longer one, the distal part was found to be well fixed. The patient remains well 106 months after revision, with an MSTS score of 80%.
Aseptic loosening occurred in one patient at 89 months. This was associated with osteolysis around the distal end of the prosthesis, which was revised into a distal femoral replacement.
One patient complained of persistent anterior knee pain three years after operation. Arthroscopy revealed grade III osteoarthritic changes in her patellofemoral joint with normal patellar tracking. She underwent a chondroplasty, but a lateral release was not required. The 16 living patients who retained their diaphyseal endoprosthesis at the time of this review had a mean MSTS score of 87% (67% to 93%) ( Table I) . They were all able to perform most activities of daily living comfortably. Only two patients required regular analgesics for control of pain. The remaining two living patients, who had their diaphyseal endoprosthesis revised to a distal femoral replacement, had an MSTS score of 53% and 67%, respectively.
There was no statistically significant interference of variables such as age < 40 (p = 0.212), male gender (p = 0.349), administering chemotherapy (p = 0.499) or radiotherapy (p = 0.071) on achieving an MSTS of 87% or more.
Discussion
En bloc excision is the mainstay of management for most primary bone tumours. This may be supplemented by adjuvant and/or neoadjuvant treatments, depending on the type of tumour, the grade, the spread and the surgical margins.
Before the development of massive endoprostheses some 30 to 40 years ago, the primary treatment for most bone and soft-tissue sarcomas arising in the limbs was amputation. 25 However, significant advances in chemo-and radiotherapy, the use of computer technology in endoprosthetic manufacture and the availability of MRI have been paramount in making limb salvage feasible without adversely affecting patient survival. Limb salvage offers considerable advantages in terms of function, appearance and psychological acceptance, 26, 27 and is cost-effective compared to amputation. 28 It is generally accepted that whereas any limb-salvage procedure should provide equal or greater functional results, the oncological outcome should never be compromised. The ultimate goal must always be to achieve adequate excision of the tumour. Many authors have shown that although limb salvage is associated with a higher rate of local recurrence, there is no compromise in overall patient survival. 29, 30 The options for reconstruction of defects in the femoral diaphysis following resection of the tumour are shown in Table II .
Biological reconstruction is believed to be more timeconsuming than endoprosthetic replacement, with a prolonged period of immobilisation after surgery and a significant risk of nonunion and/or fracture. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Many authors have shown that vascularised and nonvascularised autogenous fibular grafts are associated with significant morbidity at the donor site, and are not appropriate for larger defects, which are especially common in the femur. 3, 16, 31 Although bony union usually occurs, hypertrophy of the graft sufficient to allow full weightbearing can take many years. A study on reconstruction of femoral defects with autografts has shown an average time to full weight-bearing of about 19 months, with a linear relationship between the length of the segment replaced and the incidence of complications. 32 The rates of nonunion after massive allograft reconstruction range between 18% and 64% [10] [11] [12] [13] [14] [15] and fracture of the graft between 15% and 51%. [12] [13] [14] [15] It has been suggested that the rate of nonunion is even higher in patients receiving Post-operative anteroposterior radiograph of patient 22 with a musculoskeletal tumor society score of 87%. Post-operative lateral radiograph of the same patient.
adjuvant chemotherapy. 33 Another study has shown a 50% loss in strength of the allograft bone after ten years. 34 Loss of strength was correlated with an increase in the prevalence of microfracture and a reduction in bone mineral density within the cortex of the retrieved allograft. Transmission of disease and infection remains a major concern when using allografts, with rates ranging between 18.5% and 30%. 14, 35, 36 Extracorporeally irradiated bone, albeit useful to reconstruct a large defect, takes a long time to revascularise and incorporate into surrounding bone. 8, 9 Although the rates of nonunion and fracture are similar to those of allograft bone, the overall rate of complication is up to 52%. [6] [7] [8] [9] 37 Tsuchiya et al 18, 19 were the first to introduce limbsalvage surgery using distraction osteogenesis with conventional bone transport and application of an external fixator. In their studies, patients were allowed to bear weight early, and gradual distraction started between one and two weeks after operation at a rate of 1 mm per day. Although the reported results were good, the authors advised against using this method for segmental defects exceeding 15 cm in length, making the technique inappropriate for larger femoral tumours.
Endoprosthetic reconstruction of the femoral diaphysis, although scarcely reported in the literature, generally results in a reasonable functional outcome, allowing patients to bear weight and resume near normal function early. [20] [21] [22] The complications encountered include infection, aseptic loosening, mechanical failure, fracture either of the prosthesis or of adjacent bone, local recurrence and metastatic spread.
Infection remains a major problem and appears to be related to the difficulty of achieving adequate soft-tissue cover for the endoprosthesis and the use of adjuvant immunosuppressive chemo-and radiotherapy. 38 In our series, only one patient developed deep infection after 12 months with bone loss distally. This required a twostage revision to a distal femoral replacement. Reported rates of infection in other series of endoprosthetic reconstruction range from 2% to 19.5%. Aseptic loosening of massive tumour endoprostheses is another common complication, with rates ranging between 0% and 35%. [39] [40] [41] We had only one case, which occurred at 89 months and required a revision procedure. The recent use of hydroxyapatite collars at the prosthesis-bone junction is believed to reduce the incidence of aseptic loosening by forming a bony bridge sealing the implant-bone interface from wear debris. 23 We encountered two prosthetic fractures and one periprosthetic fracture, all three were treated by revision procedures. This compares favourably with the rates of fracture reported in biological reconstruction of 15% to 51%.
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Our cumulative patient survival was 77% at ten years. The mean MSTS score for the patients retaining their diaphyseal endoprosthesis was 87% (67% to 93%). These are good results at nearly ten years following surgery, and compare favourably with three similar published studies. [20] [21] [22] The two patients who had a revision to a distal femoral replacement achieved MSTS scores of 53% and 67%, respectively. These lower functional scores may be explained by prosthetic replacement of the native knee joint in both cases. This highlights the functional benefits of segmental resection of diaphyseal tumours, as it allows preservation of both the hip and the knee joints.
There may be some limitations to this study, including the possibility of confounding effects due to the wide age range, the relatively low number of patients and the variable duration of follow-up. We conclude that it is always imperative to adhere to the general principles of limb salvage in orthopaedic oncology. Survival should not be compromised by inadequate excision of the tumour, the surgery should ideally allow for immediate weight-bearing and return to function, and the prosthesis used must demonstrate good long-term survival with a low rate of failure. Our results show custom-made femoral diaphyseal endoprosthetic replacement to be a viable and versatile option in appropriate patients. It provides excellent pain relief with a good long-term functional outcome. The complication and revision rates are acceptable when compared with other available methods of treatment.
